The purpose of this study was to compare detection of increments and decrements occurring over limited regions of time and frequency within a 500-ms broadband ͑0-6000 Hz͒ noise. Three listeners tracked detection thresholds adaptively in a two-interval, two-alternative forced-choice task. Thresholds were measured for both increments and decrements in level ͓⌬Lϭ10 log 10 (1 ϩ⌬N 0 /N 0 ) dB, where N 0 is the spectral power density of the noise͔ as a function of signal duration (Tϭ30-500 ms) for a range of signal bandwidths (Wϭ62-6000 Hz) that were logarithmically centered around 2500 Hz. Listeners were forced to rely on temporal-and spectral-profile cues for detection due to randomization of overall presentation level from interval to interval, which rendered overall energy an inconsistent cue. Increments were detectable for all combinations of W and T, whereas decrements were not consistently detectable for WϽ500 Hz. Narrow-band decrements were not detectable due to spread of excitation from the spectral edges of the noise into the decrements. Increment and decrement thresholds were similar for Wу1000 Hz. Temporal-and spectral-integration effects were observed for both increments and decrements. The exceptions were for random-level conditions in which the signal matched the bandwidth or duration of the standard. A multicue decision process is described qualitatively to explain how the combination of temporaland spectral-profile cues can produce temporal-and spectral-integration effects in the absence of overall-energy cues.
INTRODUCTION
Speech signals contain a continually changing combination of spectral and temporal cues that form the basis for a listener's perception. While many important temporal and spectral cues have been identified, a thorough understanding of how these cues are detected and combined by the listener is lacking. The goal of this research is to understand how temporal-and spectral-profile cues are individually detected, and how these cues are combined by listeners to perform detection. Temporal-and spectral-profile cues arise when there is a change in level across time or frequency, respectively. Green and his colleagues ͑e.g., Green et al., 1983; Green, 1988͒ have extensively studied the ability of listeners to perform intensity discrimination by making simultaneous comparisons of level in different frequency regions of a stimulus, i.e., ͑spectral͒ profile analysis. The majority of these studies has used a nonharmonic tone complex, in which the signal increases the level of one of the tones above that of the reference tones, thus producing a change in the spectral profile. Gilkey ͑1987͒ has shown that listeners can use within-interval comparisons across time as well as within-interval comparisons across frequency ͑spectral-profile analysis͒ to enhance the detection of a brief tonal signal in a noise masker.
Formby et al. ͑1994͒ measured masked-detection thresholds for a range of noise-burst signals with bandwidths and durations approximating those found in speech. Detection thresholds were measured both in a fixed-and random-level uncorrelated broadband noise masker as a function of signal bandwidth and duration. The results were described in terms of three cues that listeners used for detection of the time-and bandlimited signals: ͑1͒ a traditional energy cue arising from the difference in energy between the signal-plus-standard interval and the standard-alone interval; ͑2͒ a spectral-profile cue arising from the relative level difference between the signal frequency region and the spectral fringe of the standard within the signal-plus-standard interval; and ͑3͒ a relative timing cue introduced by the gating of a brief signal on and off within the longer standard. In this paper, we will refer to these three cues as overall-energy, spectral-profile, and temporal-profile cues, respectively.
The experimental design used by Formby et al. ͑1994͒ allowed for the systematic study of each of the three cues in a masked-detection task. They were able to isolate and study the spectral-profile cue in random-level conditions when the duration of the signal and masker were matched. These cona͒ ditions are similar to the majority of the ͑spectral͒ profile analysis experiments described by Green ͑1988͒ and subsequently by other investigators ͑e.g., Kidd et al., 1989; Ellermeier, 1996͒ . Likewise, the temporal-profile cue was the only cue available in random-level conditions when the signal and masker were matched spectrally. Many experiments have examined intensity discrimination of noise under similar conditions ͑i.e., with a temporal-profile cue and no spectral-profile cue͒; however, the majority of these studies has used a continuous masker without overall-level randomization ͑e.g., Green, 1960; Campbell, 1963; Raab et al., 1963; Schacknow and Raab, 1976; Penner, 1978͒. Formby et al. ͑1994͒ established the temporal-profile cue to be an independent and salient cue that was as prominent as either the spectral-profile cue or the overall-energy cue in the detection process. The overall-energy cue was the lone cue for fixed-level conditions when the signal and masker were matched both temporally and spectrally. This condition can be considered an intensity-discrimination task performed with a gated broadband noise signal and pedestal, similar to experiments reported by Raab and Goldberg ͑1975͒, Schacknow and Raab ͑1976͒, Houtsma et al. ͑1980͒, and Buus ͑1990͒ .
In this paper, we extend the experimental design used by Formby et al. ͑1994͒ to the measurement of detection thresholds for a range of time-and bandlimited increment and decrement signals in a broadband noise. The noise signals were correlated with a time-and bandlimited portion of the gated broadband noise. This method of stimulus generation had the primary advantage over uncorrelated signal and masker conditions that the increment signals were directly comparable to corresponding decrement signals. The experiments in the current study are reminiscent of experiment I reported by Moore et al. ͑1989͒ , who measured and compared the detectability of spectral peaks and notches in a broadband noise as a function of peak-or notch-bandwidth. However, the peaks and notches in their stimuli were always matched in duration to the gated standard, and thus did not contain any temporalprofile cues, which were investigated in this study.
I. METHOD

A. Subjects
Three subjects, author CF ͑age 43͒, SF ͑age 27͒, and JZ ͑age 23͒ participated as listeners. Each had audiometrically normal hearing sensitivity. Subjects CF and SF had previous experience as listeners in laboratory studies, whereas JZ had not previously participated in any perceptual studies. Each subject received about 2 h of practice on a representative sample of the stimulus conditions prior to the start of formal data collection.
B. Procedure
The psychoacoustic experiments were implemented using an existing paradigm from the Tucker-Davis Technology ͑TDT͒ XPERIMENTER software package that was modified to incorporate our method of generating the increment and decrement stimuli. The subject's task on each two-interval, twoalternative forced-choice ͑2I, 2AFC͒ trial was to respond by computer keyboard to the observation interval that he or she believed contained the signal stimulus. The alternative observation interval contained the standard stimulus. The signal stimulus was presented with equal a priori probability in the two observation intervals of a given trial. Each 500-ms observation interval was visually displayed on the computer monitor. Visual feedback of the correct interval was provided after the subject entered a response for each trial. The increment or decrement in level (⌬Lϭ10 log 10 (1 ϩ⌬N 0 /N 0 ) dB, where N 0 is the spectral power density of the noise͒, was tracked adaptively across a block of 50 trials to obtain a 70.7%-correct detection threshold ͑Levitt, 1971͒. The adaptive algorithm decreased the value of ⌬L after two consecutive correct responses, and increased the value of ⌬L after one incorrect response. The value of ⌬L was decreased or increased by a factor of 1.7783 until three response reversals occurred. Thereafter, ⌬L was increased or decreased by a factor of 1.2589. Adjustment of ⌬L ͑in dB͒ by a constant factor can be expected to correspond to equal-ratio steps of dЈ, because it is reasonable to assume that dЈ is proportional to ⌬L ͑e.g., Durlach et al., 1986; Green, 1988͒ . Equal-ratio steps of dЈ are consistent with adjustment of signal level in equal-dB steps for a tone-in-noise detection task in which dЈ is proportional to signal intensity. Each threshold estimate from a 50-trial block corresponded to the geometric mean of ⌬L at the last even number of small-step reversals ͑typically, 12-16 reversals per 50-trial block͒.
Each listener provided at least three threshold estimates for each of the stimulus conditions measured. In some cases ͑mostly decrement conditions͒, additional thresholds were measured until three consistent estimates of ⌬L ͑within 5 dB of one another͒ were obtained, in which case the three closest measurements were used. Geometric means of ⌬L in dB and associated standard errors ͑calculated on the logarithms of the ⌬Ls͒ were calculated for each listener from the three consistent threshold estimates. On average, the three threshold estimates from each listener had standard errors that were within 18% of the geometric mean. Extra measurements were primarily collected only when ⌬L was large due to the constant relative standard error and the 5-dB criterion that was used.
C. Stimuli
An idealized spectrogram representation of the signal and standard intervals is shown in Fig. 1 for an increment condition. The standard stimulus consisted of a broadband noise with bandwidth W ST ϭ6000 Hz and total duration T ST ϭ500 ms ͑including rise/fall times͒. The noise was gated on and off with 16.9-ms raised-cosine rise/fall times. The signal stimulus contained a time-and bandlimited region that was incremented within the broadband noise. The incremented region had a bandwidth W that was logarithmically centered around 2500 Hz for Wр4000 Hz. The conditions with Wϭ6000 Hz, i.e., WϭW ST , corresponded to incrementing all frequency components within the broadband noise. The incremented region was always centered temporally within the 500-ms noise and had a total duration T. Linear rise/fall times of 10 ms were applied to the onset and offset of the incremented region. The spectrum level within the incremented region was L 0 ϩ⌬L ͑or L 0 Ϫ⌬L for decrement conditions͒, where L 0 is the spectrum level of the standard noise in dB SPL.
Both increment and decrement thresholds were measured as a function of signal duration (Tϭ30, 40, 60, 80, 160, 320 , and 500 ms͒ for a wide range of signal bandwidths (Wϭ62, 125, 250, 500, 1000 (Wϭ62, 125, 250, 500, , 2000 , and 6000 Hz͒. The presentation levels of the signal interval and the standard interval were varied randomly, uniformly, and independently over a 20-dB range (L 0 ϭ20-40 dB SPL) from interval to interval of each trial. The purpose of randomizing the levels was to prevent or discourage the listeners from relying on the across-interval overall-energy cue ͑see Green, 1988͒. Formby et al. ͑1994͒ reported for their uncorrelated noise-innoise stimuli that masked-detection thresholds were unaffected by randomizing overall level for all conditions, except those in which the signal bandwidth matched the masker bandwidth and the signal duration approached the masker duration. We therefore also measured fixed-level (L 0 ϭ40 dB SPL) detection thresholds for increments with W ϭ4000 and 6000 Hz and decrements with Wϭ6000 Hz.
D. Stimulus generation and apparatus
All stimuli described in this report were produced with TDT hardware. Each stimulus was generated digitally by programming an array processor ͑TDT, model AP2͒. For an increment ͑as shown in Fig. 1͒ or decrement stimulus, two separate temporal waveforms were initially generated, one to produce the temporal-fringe regions ͑i.e., pre-and postsignal regions with flat spectrum͒ and one to produce the signal region. Both waveforms were generated by specifying the magnitude and phase spectrum of the associated regions, and then implementing an inverse fast Fourier transform ͑IFFT͒ procedure with a frequency binwidth of 9.765 Hz ͑40-kHz sampling rate and 4096-point FFT͒. The temporal-fringe spectrum was generated by specifying flat magnitude and random phase within the 6000-Hz passband. Magnitude and phase were set to zero outside the passband. The magnitude spectrum of the signal-region waveform was identical to that of the temporal-fringe waveform, except that components within the frequency region of the signal ͑bandwidth W͒ were specified at a level ⌬L dB above ͑for increments͒ or below ͑for decrements͒ the fringe level. The two waveforms used to generate the temporal fringe and the signal region had identical, randomly chosen phase spectra. This strategy was necessary to avoid phase discontinuities when the two waveforms were combined later in the procedure. The IFFT procedure produced two 102.4-ms waveforms that were repeated in time to produce a 500-ms duration for both the temporal-fringe and signal-region waveforms. Each waveform was windowed appropriately to produce the desired linear 10-ms rise/fall transitions for the signal region. The two waveforms were added to produce the stimulus for the signal interval shown in Fig. 1 . The discrete-time stimulus was windowed on and off with 16.9-ms raised-cosine rise/fall transitions. This procedure generated a noise stimulus in which each spectral component had constant phase across the three temporal regions of the signal stimulus. The standard stimulus was produced in an identical manner with ⌬L set to 0 dB, and with a different random-phase spectrum. The resulting bandlimited stimuli had spectral parameters ͑e.g., center frequency and bandwidth͒ that were within 4.883 Hz of the nominal values. Stimuli were played out through a digital-toanalog converter ͑DAC͒ ͑TDT, model DA1͒ with 16-bit precision and a sampling period of 25 s. The DAC output was low-pass filtered ͑TDT, model FT5͒ below 7500 Hz to prevent aliasing, then attenuated ͑TDT, model PA4͒, and delivered monaurally through an earphone ͑Telephonics, model TDH-39͒ to the listener who was seated in a double-walled sound-attenuating room. The overall-level randomization was accomplished by varying the analog attenuation randomly prior to delivery of the stimulus to the headphones.
II. RESULTS AND DISCUSSION
A. Detection as a function of duration
Group geometric means and standard deviations were calculated from the mean estimates of ⌬L in dB for each of the three listeners. The group means and across-listener standard deviations ͑bars͒ for both increments and decrements are plotted on a logarithmic scale 1 in Fig. 2 as a function of increment or decrement duration. Increment thresholds are represented by filled symbols, and decrement thresholds by open symbols. Each panel represents a different bandwidth condition. Random-level conditions for Wϭ62 to 6000 Hz are shown in the top eight panels. Fixed-level conditions for Wϭ4000 and 6000 Hz are shown in the bottom two panels.
Increments
The detection trends for increment conditions were similar across the three listeners, and the group mean results are representative of the individual data. Increments were detectable for all combinations of bandwidth and duration. The largest group threshold value was about 13 dB for the combination of the smallest increment parameters ͑i.e., W ϭ62 Hz and Tϭ30 ms). Increment-detection thresholds for 
Wр4000
Hz declined systematically as a function of increasing duration. The increment-detection thresholds therefore demonstrated a temporal-integration effect. The relation between ⌬L and duration on a log-log scale can be described well as a straight line, as has been reported previously for level discrimination of tones as a function of duration ͑Florentine, 1986͒. The solid lines in Fig. 2 represent least-square fits to the increment-detection thresholds for T ϭ30 to 500 ms ͑two-line fits were used for the random-level Wϭ6000 Hz condition as discussed below͒. Table I summarizes the temporal-integration effect in terms of the slopes ͑with associated standard errors͒ and correlation coefficients of the fitted lines. The temporal-integration slopes systematically became shallower ͑from Ϫ0.58 to Ϫ0.15͒ 2 as bandwidth was increased from 125 to 4000 Hz, with the exception of Wϭ1000 Hz. The slope for Wϭ62 Hz was Ϫ0.38, and did not fit with the general trend in the present study; however, this slope is consistent with slopes reported by Florentine ͑1986͒ that ranged from Ϫ0.2 to Ϫ0.35 for level discrimination of tones. Temporal-integration slopes resulting from a signal-energy analysis ͑i.e., 10 log 10 (⌬N 0 /N 0 ) as a function of 10 log 10 ͑T͒͒ decreased from Ϫ0.93 ͑0.09͒ for Wϭ125 Hz to Ϫ0.21 ͑0.08͒ for Wϭ4000 Hz, where the standard errors of the slopes are in parentheses. The general finding of shallower slopes for larger bandwidths is consistent with the results of Formby et al. ͑1994͒ , who reported that temporal-integration time constants decreased with increasing bandwidth for time-and bandlimited noise signals in an uncorrelated noise masker. Scholl ͑1962͒ and van den Brink and Houtgast ͑1990b͒ found similar results for noise and deterministic signals, respectively. They found that efficient temporal integration was only possible for narrow-band signals, and inefficient temporal integration resulted for broadband stimuli. The chief exception to the general trend described above was the random-level condition for the largest increment bandwidth, Wϭ6000 Hz. Increment detection measured for this condition ͑shown in Fig. 2 by the filled stars in the second panel from the bottom on the right͒ did not improve monotonically with signal duration. Performance became systematically worse as duration increased for values of T у60 ms ͑i.e., performance demonstrated a ''bowl-like'' effect͒. Two lines were fit to the detection thresholds for this condition, where the break point at Tϭ60 ms was chosen by visual inspection. 3 The conditions with Tу60 ms represent increments in a broadband noise for which detection became more difficult as the duration of the increment was increased. Conversely, the corresponding fixed-level condition for W ϭ6000 Hz ͑shown by the filled stars in the bottom-right panel of Fig. 2͒ yielded the temporal-integration effect expected for a broadband noise ͑Green, 1960; Campbell, 1963; Raab et al., 1963; Penner, 1978͒ . The temporal-integration slope for the fixed-level Wϭ6000 Hz condition was Ϫ0.14.
The discrepancy measured between the random-and fixed-level conditions for Wϭ6000 Hz can be understood in terms of the cues available for detection. The spectral-profile cue was unavailable for both conditions because the signal and standard bandwidths were matched. The temporal-profile cue was the only cue available for the random-level W ϭ6000 Hz condition, and thus it appears that the temporalprofile cue was diminished systematically as duration was increased above 60 ms. The overall-energy cue was available in the fixed-level condition. Apparently, the listeners were able to use the overall-energy cue in the fixed-level condition to improve detection as duration was increased, despite the reduction in the temporal-profile cue as duration was increased. Similarly, the increment-detection thresholds measured for Wϭ4000 Hz in the fixed-level condition yielded a steeper slope ͑Ϫ0.31͒ than did the corresponding thresholds measured for Wϭ4000 Hz in the random-level condition ͑slopeϭϪ0.15͒. The amount of temporal integration observed for the fixed-level condition with signal bandwidth matched to the standard bandwidth was consistent with previous studies of temporal-integration for broadband noise ͑Green, 1960; Campbell, 1963; Raab et al., 1963; Penner, 1978͒ up to Tϭ320 ms. For example, the equivalent uncorrelated signal-to-noise ratio for our data was Ϫ1.5 dB for T ϭ30 ms, Ϫ4.7 dB for Tϭ320 ms, and Ϫ3.0 dB for T ϭ500 ms. Corresponding data from Campbell ͑1963͒ yielded roughly Ϫ4.5 dB for Tϭ30 ms, Ϫ8 dB for T ϭ320 ms, and Ϫ9 dB for Tϭ500 ms. The lack of temporal integration above Tϭ320 ms in the present study is likely due to the use of a gated masker. The temporal-profile cue for our gated stimulus conditions was not present for T ϭ500 ms, whereas the temporal-profile cue for a continuous masker remains present for all durations.
Both the temporal-and spectral-profile cues were absent for the signal condition that matched the increment bandwidth and duration to those of the standard ͑i.e., W ϭ6000 Hz and Tϭ500 ms). The fixed-level ⌬L for this condition was 1.7 dB, while the random-level ⌬L was 5.5 dB ͑more than a factor of 3 higher͒. The performance in the random-level condition is consistent with a general theoretical prediction for this task that an increment should be detectable by an ideal processor based on an across-interval energy comparison when the increment in energy exceeds 23.46% of the overall range of random-level variation ͑see Green, 1988, pp. 19-21͒ . This limit for an ideal processor, which corresponds to a ⌬L of 4.7 dB for our 20 dB of random level variation, is only slightly lower than the performance demonstrated by our listeners ͑geometric mean of ⌬Lϭ5.5 dB). Thus, we may conclude that without either the temporal-or spectral-profile cues available to the listener, performance for this random-level condition was likely based upon an across-interval, overall-energy comparison. 
Decrements
Decrement detection was measured for the same set of bandwidth and duration values used to evaluate increment detection. The only exception was that decrement detection was not measured in the fixed-level condition for W ϭ4000 Hz. In general, decrement detection was a more difficult listening task than increment detection. This conclusion is drawn from the fact that there were more conditions for which listeners had to contribute additional threshold estimates to obtain three consistent estimates. For a number of decrement-detection conditions, consistent threshold estimates were never obtained because decrements were not detectable for these conditions. Consistent individual decrement thresholds above ⌬Lϭ25 dB were never obtained. Thus, decrement conditions we report as undetectable by our listeners ͑indicated by an upward arrow in Fig. 2͒ represent conditions for which thresholds, if they existed, were greater than ⌬Lϭ25 dB. The open symbols in Fig. 2 represent the group mean thresholds measured for those conditions in which consistent threshold estimates were obtained from at least two of our three listeners. In general, the decrementdetection thresholds shown for the group in Fig. 2 are representative of individual performance. Only in a few cases, mentioned below, were there differences in performance across listeners. The pattern of decrement-detection thresholds for W р500 Hz is in marked contrast to the companion incrementdetection thresholds in Fig. 2 for the corresponding ranges of bandwidth and duration. These decrement bandwidths were not consistently detectable for the listeners. Listener SF showed the greatest sensitivity to decrements across all conditions of bandwidth and duration. She was unable to detect decrements for any duration paired with Wр125 Hz. For Wϭ250 Hz, she was able to detect decrements for T у60 ms. Her thresholds for Wϭ250 Hz systematically decreased from 15.2 to 2.6 dB ͑a factor of almost 6͒ as decrement duration was increased from Tϭ60 to 500 ms. Decrements for Wϭ500 Hz were detectable by SF for all decrement durations. Her thresholds decreased from 5.11 to 1.64 dB ͑a factor of about 3͒ as duration was increased from Tϭ60 to 500 ms. Her thresholds for Tϭ30 and 40 ms were 20.79 and 8.89 dB, respectively. In contrast to listener SF, listeners JZ and CF were unable to detect any decrements for Wр250 Hz. For Wϭ500 Hz, listener JZ was able to detect decrements for all Tу80 ms, whereas listener CF was able to detect decrements for all Tу80 ms except Tϭ500 ms. Thus, the group decrement-detection threshold for W ϭ500 Hz and Tϭ500 ms is the mean result only for listeners SF and JZ. This is the lone group-mean decrement-detection threshold shown in Fig. 2 that does not include a threshold estimate from each listener. The fact that listener CF was unable to detect any decrement level for the condition pairing Wϭ500 Hz and Tϭ500 ms was unexpected because he was able to detect decrements of shorter duration for W ϭ500 Hz. A spectral-profile cue should have been available to him for the Tϭ500 ms condition, even though the temporal-profile cue was removed. This result may indicate that CF was relying strongly on the temporal-profile cue for Wϭ500 Hz.
Our results for narrow-band decrements are similar to the trends reported by Moore et al. ͑1989͒ for the detection of bandlimited peaks and notches in a broadband masker. They found that narrow-band notches were much more difficult to detect than corresponding narrow-band peaks for peaks and notches matched in duration to the masker. Only two of their three listeners were able to detect a 125-Hz notch centered at 1 kHz, while none of their three listeners could detect a 1000-Hz notch centered at 8 kHz. These notch widths both correspond to 12.5% of the corresponding center frequency. This percentage corresponds to a notch width of 312.5 Hz for our stimuli, and thus is in the range of bandwidths for which our listeners began to show sensitivity to decrements.
For large bandwidth conditions (Wу1000 Hz), decrements were consistently detectable by all three listeners. The only trend in the group-mean thresholds for Wу1000 Hz that was not representative of individual performance was the increase in the decrement thresholds for Tу160 ms and Wϭ1000 Hz. This increase was only observed for listener CF. Thresholds for SF and JZ continued to decrease slightly for Tу160 ms. This finding suggests that listener CF may have been relying more strongly on the temporal-profile cue for this signal bandwidth. This idea is consistent with the finding that, in the absence of a temporal-profile cue, listener CF was unable to detect a 500-Hz decrement for T ϭ500 ms.
In general, all three listeners demonstrated a temporalintegration effect for the decrement conditions that were consistently detectable ͑i.e., 80рTр320 ms for Wϭ500 Hz and all T for Wу1000 Hz). The dashed lines in Fig. 2 represent least-square fits to the decrement-detection thresholds. The slopes and correlation coefficients are summarized in Table  I . The temporal-integration slopes for random-level decrement detection decreased slightly from Ϫ0.37 to Ϫ0.29 as bandwidth was increased from Wϭ500 to 4000 Hz. For most decrement bandwidth conditions there was a slight increase in decrement threshold for the largest values of duration. This change in performance is coincident with the loss of the temporal-profile cue. The general trend of reduced temporal integration as bandwidth increased was similar to the effect described earlier for increment detection. Again, the chief exception to the temporal-integration effect was the randomlevel condition for Wϭ6000 Hz, for which decrementdetection thresholds were nonmonotonic as duration increased. Decrement detection became worse as duration increased above Tϭ160 ms, as indicated by the two-line fit shown in Fig. 2 . The random-and fixed-level functions for decrement detection measured with Wϭ6000 Hz diverged for Tу320 ms. By contrast, the corresponding random-and fixed-level increment thresholds for Wϭ6000 Hz began to diverge for Tу60 ms. This pattern of detection suggests that the broadband temporal-profile cue may have been more difficult for the listeners to resolve for increments than for decrements.
The amount of temporal integration was similar for increments and decrements across the range of bandwidths over which decrements were detectable ͑see slopes in Table  I͒ . However, decrement-detection thresholds tended to be slightly higher than corresponding increment-detection thresholds for small bandwidths, and to become slightly lower than corresponding increment thresholds as bandwidth was increased. Irwin and Purdy ͑1982͒ found broadband noise increment and decrement detection measured in terms of ⌬L to be roughly equal. Forrest and Green ͑1987͒ found decrement thresholds to be slightly lower than corresponding increment thresholds for Tу10 ms. A priori, one might have expected that increments and decrements would have been detected equally well because they represent an equal change in level within the signal region. However, the effects of peripheral filtering and neural adaptation likely complicate a simple interpretation of the results. We believe that much of the discrepancy between increment and decrement detection as a function of signal bandwidth can be explained by the peripheral filtering of the auditory system. A basic property of multicomponent signals is that decreasing the level of k out of n components, where n is the total number of components within a peripheral filter, results in a maximum decrease in the overall ⌬L of 10 log 10 (n)Ϫ10 log 10 (nϪk). Conversely, the overall ⌬L that results from increasing the level of k components is unbounded. This property of multicomponent signals results in an asymmetry between the excitation patterns produced by increment and decrement stimuli ͑Moore et al., 1989; Ellermeier, 1996͒. Spread of ex-citation for both increments and decrements originates at the spectral edges of the signal region, but the excitation spreads away from the signal region for increments and into the signal region for decrements. Thus, the signal frequency region in the decrement condition is masked by the flanking standard noise. It follows that there should be a large criticalband effect for decrement detection, but a relatively small critical-band effect for increments ͑consistent with our data and that of Moore et al., 1989͒ . We will examine this hypothesis later in terms of the differences between predicted excitation patterns for increments and decrements.
B. Detection as a function of bandwidth
The group detection thresholds for increments and decrements are replotted in Fig. 3 as a function of signal bandwidth. Increment-͑filled symbols͒ and decrement-͑open symbols͒ detection thresholds for the random-level conditions are shown in different panels for each of the seven values of duration ranging from Tϭ30 to 500 ms. These data are the same geometric means and standard deviation bars shown in Fig. 2 , but are replotted to compare the improvement in increment and decrement detection as a function of signal bandwidth. This representation of the results provides an opportunity to assess spectral integration. The notion of spectral integration is that as signal bandwidth is increased, detection should improve systematically as more information becomes available to the listener. Many studies have provided evidence that detection is enhanced by the presence of signal energy in multiple auditory channels ͑e.g., Green, 1958 Green, , 1960 Green et al., 1959; Scholl, 1962; Spiegel, 1979; Buus et al., 1986; van den Brink and Houtgast, 1990a have discussed several mathematical models to explain spectral integration. Both studies concluded that listeners appear to combine information linearly from multiple auditory channels; however, Buus et al. ͑1986͒ suggested that the combination might not be optimal. Another consideration in the present study is that the external variability due to the noise stimuli is reduced as the bandwidth is increased, which could also lead to improved performance.
Increments
The increment-detection thresholds shown in Fig. 3 decreased as bandwidth was increased for Wр4000 Hz and T Ͻ160 ms. This improvement in performance with increasing bandwidth reflects a spectral-integration effect for increment detection. The increment thresholds are described well by the solid lines that represent least-square fits for bandwidths FIG. 3 . Increment-͑filled symbols͒ and decrement-͑open symbols͒ detection thresholds are shown as a function of increment or decrement bandwidth for random-level conditions. Geometric means of ⌬L in dB are plotted on a logarithmic scale with associated standard deviation bars. Each panel corresponds to a different duration. Upward arrows indicate decrements that were not consistently detectable by all three listeners. Solid and dashed lines represent least-square fits to the incrementand decrement-detection thresholds, respectively.
ranging from Wϭ125 to 6000 Hz ͑two-line fits were used for Tϭ500 ms).
5 Table II summarizes the slopes and correlation coefficients for the fitted spectral-integration lines. The amount of spectral integration decreased systematically as duration was increased. Specifically, spectral-integration slopes for increment detection decreased from Ϫ0.29 to Ϫ0.05 as duration was increased from Tϭ30 to 160 ms. The finding that spectral integration decreased as duration increased is consistent with previous reports that efficient spectral integration is only possible for brief stimuli ͑e.g., Scholl, 1962; van den Brink and Houtgast, 1990a ,b͒. The chief exception to the spectral-integration trend was observed for the longest-duration random-level conditions Tϭ320 and 500 ms. For Tϭ500 ms, both the temporal-profile and overallenergy cues were unavailable to the listener. The nonmonotonic increment-detection thresholds for Tϭ500 ms indicate that the spectral-profile cue was systematically diminished as bandwidth was increased above Wϭ1000 Hz. The increment-detection thresholds for Tϭ500 ms show the same bowl-like shape that was observed for the random-level, W ϭ6000 Hz increment-detection condition in Fig. 2 ͑i.e., where the spectral-profile and overall-energy cues were absent and the temporal-profile cue was varied͒. The lack of spectral integration from Wϭ125 to 1000 Hz for longduration increments is consistent with the detection of bandlimited peaks reported by Moore et al. ͑1989͒.
Decrements
Group decrement thresholds are represented in Fig. 3 by the open symbols, with least-square fits shown by the dashed lines. Recall that narrow-band decrements were not consistently detectable, and that the narrowest bandwidth for decrement detection varied with duration. For Tр60 ms, decrements were not detectable for Wр500 Hz, while for T у80 ms decrements were not detectable for Wр250 Hz. In general, thresholds decreased as bandwidth was increased beyond the narrowest decrement bandwidth affording detection. Thus, listeners demonstrated a spectral-integration effect for decrements with Tр320 ms. The amount of spectral integration for decrements decreased systematically as duration was increased. Specifically, the spectral-integration slopes decreased from Ϫ0.83 to Ϫ0.34 as duration was increased from Tϭ30 to 320 ms. The spectral-integration slopes for decrements were, in general, steeper than for corresponding increments of equal duration. The main exception to the spectral-integration effect was the Tϭ500 ms condition, for which decrement-detection thresholds were nonmonotonic and increased dramatically for WϾ4000 Hz. The dramatic threshold elevation corresponds to the loss of the spectral-profile cue and the absence of the temporalprofile and overall-energy cues.
C. Asymmetry between increments and decrements
In this section, we examine further the hypothesis that the discrepancy between increment and decrement detection for narrow bandwidths is due to spread of excitation associated with peripheral filtering ͑Moore et al., 1989; Ellermeier, 1996͒. The supposition is that the spread of excitation for increments is away from the spectral edges of the increment, and thus serves to create a broader effective increment. In contrast, the spread of excitation for decrements extends from the spectral edges of the noise standard into the decrement. This spread serves to create a narrower effective decrement.
In order to quantify this hypothesis, we have examined the predicted excitation patterns for each of our increment and decrement conditions using the excitation-pattern model of Glasberg and Moore ͑1990͒. We have used this model to provide an estimate of the excitation level as a function of frequency for steady-state noises with spectra corresponding to our increment and decrement stimuli. A similar analysis was shown by Ellermeier ͑1996͒ for his profile stimuli consisting of a nonharmonic tone complex with variable numbers of components spread across a fixed frequency range. Predicted excitation patterns for our narrow bandwidth increment and decrement conditions are shown in Fig. 4 . The excitation pattern for the fixed-level (L 0 ϭ40 dB SPL) noise standard is shown by the solid line. The family of excitation patterns that lies above the noise standard represents incre- FIG. 4 . Excitation-pattern analysis of the increment and decrement conditions used in this study. Excitation level as a function of frequency was calculated from the excitation-pattern model of Glasberg and Moore ͑1990͒. Increment conditions shown represent ⌬Lϭ10 dB. Decrement conditions shown represent a complete decrement, i.e., ⌬LϭϱdB. The asymmetry between the effective change in excitation level for increments and decrements is evident for comparable bandwidths.
TABLE II. Spectral-integration slopes and correlation coefficients r for the fitted lines shown in Fig. 3 for both increment and ment conditions with ⌬Lϭ10 dB. The excitation patterns below the standard represent decrement conditions with ⌬L ϭϱ dB ͑i.e., a complete decrement with no energy within the signal bandwidth͒. A complete decrement was chosen because we were seeking to determine the effective decrement in excitation level for conditions that were not detectable for any decrement level. The family of excitation patterns for increment and decrement conditions is shown for bandwidths ranging from Wϭ62 to 1000 Hz, with the bandwidths identified in the legend. This range of bandwidths includes conditions for which decrements were undetectable (WϽ500 Hz) and conditions for which decrements were roughly as detectable as corresponding increments (W у1000 Hz).
The asymmetry between the excitation patterns for increments and decrements can be seen in Fig. 4 . The change in excitation level at the center of the decrements for W ϭ62, 125, 250, and 500 Hz were 0.99, 2.13, 4.63, and 9.50 dB, respectively. Conversely, the change in excitation level for the corresponding ⌬Lϭ10 dB increments were 3. 73, 6.33, 8.28, and 9 .70 dB, respectively. Clearly, for narrowbandwidth decrements, the effective decrement in excitation level was restricted due to peripheral filtering more than for the corresponding increments. This set of simulations helps to explain why our listeners were only able to detect decrements consistently with Wу500 Hz. The actual changes in excitation level predicted by the model correspond to steady-state signals, and therefore are most analogous to our long-duration (Tу160 ms) conditions. A simple single-channel interpretation of intensity discrimination suggests that performance at threshold corresponds roughly to a 1-dB change in excitation level near the center frequency of the signal ͑e.g., Zwicker, 1956͒. This finding indicates that the long-duration Wϭ62 Hz decrements would have been just detectable. We do not wish to pursue a specific quantitative analysis here, due to the numerous assumptions involved with the excitation-pattern model and the corresponding interpretation. It is apparent, however, that the excitation-pattern model does predict the basic trend in our data, namely that narrow-band decrements are more difficult to detect than narrow-band increments. This finding can be explained by the asymmetry between the spread of excitation for increments and decrements.
D. Comparison of increment detection measured with correlated and uncorrelated signals
Both the current study and the study by Formby et al. ͑1994͒ measured the detection of time-and bandlimited increments in a broadband noise stimulus; however, the method of generating the increments was slightly different in the two studies. Formby et al. ͑1994͒ generated an increment by adding a noise burst signal ͑with bandwidth W, duration T, and spectral density S 0 ) to an uncorrelated noise masker ͑with bandwidth W ST , duration T ST , and spectral density N 0 ). Because the signal and masker were uncorrelated, the noise spectral density within the increment was S 0 ϩN 0 . In the current study, the time-and bandlimited increment was generated by setting the spectrum level within the increment to be ⌬L dB higher than the spectrum level of the noise standard. This procedure is equivalent to correlated addition of an attenuated version of the portion of the noise standard corresponding to the signal region. Thus, the spectrum level within the increment was L 0 ϩ⌬L in dB SPL. To compare increment-detection performance from the current study to that in Formby et al. ͑1994͒ , the results must be expressed in the same metric ͑see Grantham and Yost, 1982; Green, 1988͒ . Individual threshold estimates for each listener from the current study, measured as ⌬L in dB, were converted to equivalent masked-detection units with the following equation, 10 log 10 ͑ S 0 /N 0 ͒ϭ10 log 10 ͑ 10 ͑ ⌬L/10͒ Ϫ1 ͒, ͑1͒
where S 0 represents the spectral density of an equivalent uncorrelated signal that would have produced a spectrum level of L 0 ϩ⌬L in dB SPL within the increment region. The increment-detection thresholds from Formby et al. ͑1994͒ and the current study are compared in Fig. 5 . Groupmean increment-detection thresholds, in terms of 10 log 10 (S 0 /N 0 ) in dB, are plotted with across-listener standard deviations ͑bars͒ as a function of total signal duration for bandwidth ranging from Wϭ62 to 6000 Hz. The detection thresholds from Formby et al. ͑1994͒ are shown by the open symbols and represent fixed-level conditions for all bandwidth values. Detection thresholds from the current study are shown by filled symbols and represent randomlevel conditions for Wϭ62 to 2000 Hz and fixed-level conditions for Wϭ4000 and 6000 Hz. Performance from the two studies is essentially identical for all bandwidth and duration values. The good correspondence between the two studies was reassuring and demonstrates that, as far as the listener is concerned, there is no difference between adding an uncorrelated noise or a correlated noise to a pedestal as long as they both result in the same increase in level. Raab et al. ͑1963͒ showed the same result for broadband 500-ms noise signals added to a continuous noise masker across a wide range of masker levels.
In addition to the differences in stimulus generation, the conditions from the two studies also differed in the available cues for detection. An overall-energy cue was available in the Formby et al. ͑1994͒ study, but was absent in the current study for Wр2000 Hz. Temporal-and spectral-profile cues were available in both studies. Both sets of increment detection thresholds shown in Fig. 5 demonstrate the same temporal-and spectral-integration trends. The similar performance in the two studies suggests that temporal-and spectral-profile cues are the important cues used by listeners for the detection of time-and bandlimited increments.
III. GENERAL DISCUSSION
A. Increments and decrements
The purpose of this study was to compare the detection of time-and bandlimited increments and decrements in a broadband noise. The biggest difference between increment and decrement detection was found for the effect of signal bandwidth. Increments were detectable for all bandwidths measured ͑i.e., bandwidth ranging from Wϭ62 to 6000 Hz͒.
Conversely, decrements were not consistently detectable for WϽ500 Hz, but were detectable for all durations for W у1000 Hz. The asymmetry between the excitation patterns for increments and decrements shown in Fig. 4 suggests that much of this effect can be explained by spread of excitation due to peripheral filtering. For narrow-band decrements, the spread of excitation from the spectral edges of the noise standard into the signal-frequency region masks the decrement.
The smallest bandwidth for which all three listeners were consistently able to detect long-duration (Tу80 ms) decrements was Wϭ500 Hz. This finding agrees roughly with typical estimates of critical bandwidths at 2500 Hz, which was the center frequency of the decrements. Representative estimates of the critical bandwidth at 2500 Hz are in the range of 295 Hz ͑Glasberg and Moore, 1990͒ to 380 Hz ͑Zwicker and Fastl, 1990͒. These estimates are intermediate in frequency between the decrement bandwidth W ϭ250 Hz, for which listener SF first showed an ability to detect a decrement, and Wϭ500 Hz, for which listeners CF and JZ demonstrated initial sensitivity to decrements. Moore et al. ͑1989͒ have also reported conditions for which notch widths of 12.5% of the center frequency were only detectable by two of their three listeners for a center frequency of 1 kHz, and were not detectable by any of their listeners for a center frequency of 8 kHz. In both cases, notch widths of 25% of the center frequency were detectable by all three listeners. This range of intersubject variation is consistent with normal variability reported in the literature for auditoryfilter bandwidth and critical-bandwidth estimates ͑Patterson and Moore, 1986͒. Bandwidth estimates up to and exceeding 20% of the signal frequency ͑which we would infer from the results of CF and JZ͒ have been reported for some tasks and measurement conditions ͑Zwicker and Fastl, 1990; Leek and Summers, 1993͒.
The peripheral filtering interpretation of the decrementdetection data suggests that the asymmetry between increment and decrement detection should diminish as the bandwidth becomes much larger than the critical band. As bandwidth increases, the masking effect decreases because spread of excitation fills only a portion of the decremented frequency region. This prediction is consistent with our finding that decrement-detection thresholds became more similar to increment-detection thresholds as bandwidth was increased from Wϭ500 to 2000 Hz. Moore et al. ͑1989͒ also found that peak-and notch-detection thresholds became more similar as bandwidth was increased. It is not clear why decrement-detection thresholds in the present study continued to improve and became lower than increment-detection Increment performance is represented in terms of 10 log 10 (S 0 /N 0 ) in dB, where N 0 is the spectral density of the noise standard and S 0 represents the increment in spectral density. Values of 10 log 10 (S 0 /N 0 ) in dB were calculated for the current study from ⌬L in dB using Eq. ͑1͒ ͑see the text͒. Groupmean increment-detection thresholds are plotted as a function of increment duration, with standard deviation bars. Each panel represents a different bandwidth. All conditions from Formby et al. ͑1994͒ represent fixedlevel conditions. Thresholds from the current study for Wр2000 Hz represent random-level conditions, while thresholds for Wу4000 Hz represent fixed-level conditions. thresholds as bandwidth was increased above Wϭ2000 Hz.
Temporal-and spectral-integration effects were observed for increments and decrements for Wу1000 Hz. The amount of temporal integration decreased as bandwidth was increased. Similarly, the amount of spectral integration decreased as duration was increased. These findings are consistent with reports by Scholl ͑1962͒ and van den Brink and Houtgast ͑1990a,b͒ who found that efficient temporal integration was only possible for narrow-band signals, and likewise efficient spectral integration was only possible for briefduration signals. A larger temporal-integration effect for narrow-band stimuli than for broadband stimuli is also consistent with Irwin and Kemp ͑1976͒ and Irwin and Purdy ͑1982͒, who found a threefold reduction in estimated temporal-integration time constants between the detection of sinusoidal signals and broadband noise signals.
The primary exceptions to the general temporal-and spectral-integration trends were for the random-level conditions in which either duration was varied when signal and masker were matched spectrally, or bandwidth was varied when the signal and masker were of equal duration. In these conditions, we found that increment-and decrementdetection thresholds demonstrated a bowl-like effect, where thresholds became larger as the duration or bandwidth was increased above some moderate value. We believe that these findings can be explained by considering the availability of temporal-and spectral-profile cues as well as overall-energy cues in these conditions.
B. Multicue interpretation of results
In this study, the majority of the detection results was dependent on temporal-and spectral-profile cues. The overall-energy cue was purposely rendered an inconsistent cue by randomizing overall presentation level across the observation intervals of each trial. Thus, it is important to consider how temporal-and spectral-profile cues could be combined to account for the increment-and decrement-detection results.
The temporal-integration effect has traditionally been thought of as arising from a process that integrates signal energy over time. It is therefore of interest to consider how the temporal-integration effect in our data could be produced in a detection task based solely on temporal-and spectralprofile cues. The temporal-integration effect reflects an increase in the available information for detection as signal duration increases. Information from the temporal-profile cue was present for all TϽ500 ms, but appears from the randomlevel Wϭ6000 Hz condition to have been systematically reduced as duration was increased above a moderate value. Thus, the temporal-integration effect does not appear to be the result of information from the temporal-profile cue. The spectral-profile cue was available at all points in time within the signal region for WϽ6000 Hz. Thus, the information available from the spectral-profile cue increased systematically as duration was increased. Consequently, a scheme in which information from the spectral-profile cue was combined across time could produce a temporal-integration effect independent of random-level variation for W Ͻ6000 Hz. This explanation is consistent with the absence of a temporal-integration effect for Wϭ6000 Hz when the stimuli were presented in the random-level paradigm and the spectral-profile cue was absent. The temporal-integration effect was present for the same condition with fixed-level presentation because the overall-energy cue was available.
The spectral-integration effect observed in our data can be explained in a way similar to the temporal-integration effect. This spectral-integration effect reflects an increase in available information for detection as bandwidth was increased. The temporal-profile cue was available for all frequencies within the signal region for TϽ500 ms. Accordingly, a scheme in which information from the temporalprofile cue was combined across all frequency channels may account for the spectral-integration effect, and this effect should be independent of the randomization of overall presentation level.
The two schemes described above did not specify how the information from the profile cues might be calculated or combined. There are at least three ways that we can envision a general profile cue ͑temporal or spectral͒ being evaluated by a listener. Green ͑1988͒ described a method for ͑spectral͒ profile analysis based on a theory proposed by Durlach et al. ͑1986͒ . This method is based on within-interval comparisons of the relative levels within and outside the signal ͑increment or decrement͒. The level of the signal is estimated from the region ͑either spectral or temporal͒ within the increment or decrement, and this level is compared to an estimate of level from the fringe region outside the signal. As the signal increases in duration or bandwidth, the fringe region is concomitantly reduced. Thus, as the amount of information in the signal increases, the amount of information in the fringe decreases. This prediction is consistent with the bowl-like trends observed for the broadband conditions in Fig. 2 and the long-duration conditions in Fig. 3 ͑i.e., conditions in which the temporal-and spectral-profile cues were isolated, respectively͒. For these conditions, performance did not improve monotonically with increasing duration or bandwidth. The best performance was obtained for moderate values of signal duration or bandwidth, where the durations or bandwidths of the signal and fringe regions were roughly equal. The benefit from further increases in duration or bandwidth was counteracted by a reduction in the information within the fringe region.
Another method for evaluating a profile cue could be based on the detection of edges. Shamma ͑1985, 1989͒ has evaluated the detection of spectral edges based on a hypothesized lateral inhibition network for spectral shape analysis. Reports of lateral suppression may be relevant to this method ͑e.g., Houtgast, 1972͒. In the time domain, temporal overshoot and undershoot effects may serve as the counterpart to lateral suppression to accentuate temporal edges at onset and offset of increment and decrement signals ͑Formby et al ., 1997, 1998͒ . Adaptation in auditory-nerve fibers ͑Smith and Zwislocki, 1975͒ and activity from onset and offset cells at higher levels of the auditory pathway ͑Rhode et Rouiller and Ryugo, 1984; Walton et al., 1997͒ may provide mechanisms for temporal edge detection. This mechanism could be similar to the ''change detector'' proposed by Mac-millan ͑1971, 1973͒ and recently discussed by Oxenham ͑1997͒ and Moore and Peters ͑1997͒. It is unlikely that edge detection was used in isolation, if at all, by our listeners because edge cues do not provide a straightforward way of accounting for the bowl-like effects observed in Figs. 2 and 3.
A third hypothesis for profile-cue evaluation is that detection performance is based on the relative dissimilarity ͑in time, frequency, or both͒ of the signal and standard. Formby et al. ͑1994͒ discussed the possibility of a temporal-profile cue arising whenever a gated signal is presented asynchronously within a longer-duration gated masker. In the current study, the listeners could have compared relative temporal and spectral differences between the increment or decrement signals with respect to the standard. This judgment may have been performed either by comparing relative differences within each interval of each trial or by comparing the profiles successively across the signal-plus-standard and the standard-alone intervals of each trial. The prediction from this scheme, that performance will improve as the signal and standard become more dissimilar, is inconsistent with the initial improvement in performance demonstrated in the bowl-like trends observed in Figs. 2 and 3.
Our detection data across all bandwidth, all duration, and random-and fixed-level conditions suggest that the listener may evaluate the temporal-profile, spectral-profile, and overall-energy cues separately and somehow combine the information from each cue. It is unclear, however, from the qualitative description above how the listener combines these three cues quantitatively. To address this issue for our increment and decrement stimuli, a multichannel computational model was implemented with a phenomenological auditorynerve model ͑Carney, 1993͒ and a multicue decision process ͑Heinz and Carney, 1997͒. The spectral-profile cue was quantified by calculating at each point in time the peak-topeak difference in simulated neural activity ͑smoothed with a 20-ms time constant͒ across all frequency channels. The result was a metric that quantified the spectral-profile cue as a function of time. The temporal-profile cue was quantified as a function of frequency in an analogous manner ͑i.e., by calculating at each frequency the difference between the maximum and minimum over time of the smoothed neural activity͒. The total contribution of each cue was evaluated by integrating the spectral-profile metric across time and the temporal-profile metric across frequency. An equally weighted linear combination of the contributions of both profile cues ͑and an overall-energy cue for fixed-level conditions͒ was used as the basis for the decision in a simulated two-interval, two-alternative forced-choice task. Preliminary modeling results indicate that this multicue decision process produces the main qualitative trends shown in Figs. 2 and 3 for the increment-and decrement-detection thresholds, including temporal-and spectral-integration effects in the presence of overall-level randomization, and the critical-band effect for decrements.
This multicue decision scheme can be thought of in part as a ''multiple-looks'' model of the type that has been described by Viemeister and Wakefield ͑1991͒ for the time domain. However, our model can be viewed as a more general multiple-looks model, in which multiple looks ͑or information samples͒ are calculated both in time and frequency. Furthermore, our modeling suggests that the looks should include information other than short-term energy ͑i.e., that profile cues should form at least some of the looks, both in time and frequency͒. In our model, temporal looks were calculated by evaluating the presence of the spectral-profile cue at short-duration intervals, while spectral looks were calculated by evaluating the temporal-profile cue within narrow frequency regions.
Our decision process is consistent with Viemeister and Wakefield's ͑1991͒ multiple-looks model inasmuch as there is no long-duration integration of energy; however, the uniform weighting of information in the present model is likely to differ from the optimal weighting postulated by Viemeister and Wakefield. In the present model, there is longduration integration of information similar to the information-integration model described by Green and Swets ͑1966͒. Conversely, it is possible to hypothesize a scheme in which long-duration integration of energy within each frequency channel precedes an across-channel comparison. A decision process similar to that described by Dau et al. ͑1996, 1997͒ could also potentially account for the temporaland spectral-integration effects observed in the present study. Dau et al. ͑1997͒ reported that a multichannel templatebased decision process accounted for the spectral-and temporal-integration effects for amplitude-modulation detection. In their model, information was combined linearly across all activated frequency channels and with a multiplelooks strategy across time.
C. Implications of the presence of temporal-and spectral-profile cues in previous studies
Finally, our results suggest the need to consider the potential roles of temporal-and spectral-profile cues in some of the past detection and discrimination studies. Forrest and Green ͑1987͒ and Plack and Moore ͑1991͒ have attempted to control for the absolute-energy cue by randomizing overall level in the measurement of detection thresholds for broadband increment and decrement stimuli. The spectral-profile cue was absent in both of these studies because the broadband pedestal and the increment or decrement signals were matched spectrally. Thus, a temporal-profile cue appears to have been the main cue available in these experiments. In most other increment-and decrement-detection studies ͑in-cluding most studies using silent gap signals͒, the overallenergy cue has not been controlled, and thus both overallenergy and temporal-profile cues were available to the listeners. Eddins and his colleagues ͑Eddins et al., 1992; Eddins and Green, 1995͒ analyzed a large set of temporal gapdetection results and concluded that energy was the salient cue in their studies. Moore and Peters ͑1997͒ have suggested that the smaller temporal-integration effect in their increment-and decrement-detection data for tones in a lowpass filtered noise supports a change-detector hypothesis. Our data suggest that Moore and Peters' ͑1997͒ results may be based on a combination of temporal-and spectral-profile cues as well as an overall-energy cue. If their results were based on a change detector acting on the temporal-profile cue, then their results should be unaffected by overall-level randomization. Another example where temporal-profile cues may be important is the typically reported result that intensity discrimination for tones or noise is generally better for continuous pedestals than for gated pedestals ͑e.g., Schacknow and Raab, 1976; Viemeister and Bacon, 1988; Bacon and Viemeister, 1994͒ . The relative contributions from the temporal-profile cue and the overall-energy cue remain to be resolved in some of these reports. Kidd et al. ͑1989͒ have pointed out the need to consider the ability of a listener to detect a spectral-profile cue in previous studies in which the signal produced a change in the spectral profile. The results of the present study further suggest the need to consider listeners' ability to make use of spectral-and temporal-profile cues in previous studies in which there was either a spectral-or temporal-profile cue available.
IV. SUMMARY
The current study was designed to compare directly the detection of time-and band-limited increments and decrements in a random-level noise. Increment-and decrementdetection thresholds were measured as a function of signal bandwidth W and duration T, using a noise standard with W ST ϭ6000 Hz and T ST ϭ500 ms. We have reached the following conclusions: ͑1͒ The greatest difference in the detection of increments and decrements was observed as a function of bandwidth. Decrements were not consistently detectable for WϽ500 Hz, while increments were detectable for all bandwidths between Wϭ62 and 6000 Hz. ͑2͒ Asymmetry in the spread of excitation for increments and decrements due to peripheral filtering accounts for narrow-band decrements ͑roughly less than a critical bandwidth͒ being undetectable, as demonstrated by excitation patterns for equal-bandwidth increments and decrements. ͑3͒ Increment and decrement thresholds were similar for broadband conditions. Both increment and decrement thresholds revealed temporal-and spectral-integration effects, independent of random-level variation in most conditions. Temporal integration decreased as signal bandwidth was increased, and spectral integration decreased as signal duration was increased. Decrement thresholds showed roughly the same amount of temporal integration as comparable increment thresholds, but the spectral-integration effect was greater for decrement detection than for increment detection. ͑4͒ Exceptions to the general temporal-and spectralintegration trends were observed when the signal had either the same duration or bandwidth as the noise standard. For WϭW ST , thresholds increased as T approached T ST . Likewise for TϭT ST , thresholds increased as W approached W ST . ͑5͒ The temporal-and spectral-integration effects observed in the absence of overall-energy cues are consistent with a multicue decision process that combines information from temporal-and spectral-profile cues. The integration of the spectral-profile cue across time accounts for the temporal-integration effect, while integration of the temporal-profile cue across frequency accounts for the spectral-integration effect. ͑6͒ The ability of listeners to detect temporal-and spectralprofile cues must be considered in any study that uses fixed-level stimuli and that offers listeners profile cues in either time or frequency.
